Summary. Four untrained standardbred horses performed a standardized exercise test on the treadmill and an automated blood collection system programmed to obtain blood samples every 15 s was used for blood collection in order to evaluate the kinetics of adrenaline and noradrenaline. the highest average values obtained for adrenaline and noradrenaline were 15.0 ± 3.0 and 15.8 ± 2.8 nmol/l respectively, with exponential accumulation of adrenaline (r = 0.977) and noradrenaline (r = 0.976) during the test. analysis of the correlation between noradrenaline and adrenaline for each phase of the test shows that correlation coefficient decreases as the intensity of exercise increases (from r = 0.909 to r = 0.788). this suggests that during submaximal exercise, the process for release, distribution and clearance of adrenaline into blood circulation differs from that of noradrenaline.
Brief note about plasma catecholamines kinetics and submaximal exercise in untrained standardbreds Paolo Baragli (a) , Sara Pacchini IntRoDuCtIon catecholamines play a fundamental role in the physiology of exercise in all animal species, since they regulate many biochemical processes involved in energy metabolism as well as the adaptation of organism homeostasis to physical activity [1] . the action of these molecules is reflected in many physiological functions, such as increased heart rate, blood pressure, sweating, mobilization of energetic substrates and respiratory rate [2] . Few studies exist regarding variations of plasma catecholamines concentration in horses during physical activity [3] [4] [5] [6] [7] . this is mainly due to difficulties in assessment, since these variations, whether reflected in increased blood levels of catecholamines or by their short half-lives, tend to occur very rapidly. Some authors reported a six-and seven-fold increase over basal values respectively for noradrenaline and adrenaline levels in thoroughbred horses, when blood was collected by venipuncture 5 min after the end of a regular race [8] . Subsequent studies confirmed that the manual collection of a single blood sample, taken from the jugular vein by venipuncture, is an inadequate technique for accurate measurement of these molecules [4] , according to a previous report by Persson [9] , who hypothesized that the procedure itself could induce stress in the animal. Snow et al. [3] using a manual sampling method [10] reported a 148-and 67-fold increase in adrenaline and noradrenaline respectively, compared to basal values. the blood collection technique used in this study allowed the authors to collect blood during exercise; this allowed to observe an exponential increase in both adrenaline and noradrenaline in relation to the exercise itself, without however indicating the equation of these curves. the first indication of a statistically proven exponential accumulation was presented by Kurosawa et al. [5] ; using the same collection technique, they obtained statistical confirmation of the exponential accumulation of both adrenaline and noradrenaline, which varied with the intensity of the exercise. Nevertheless, due to the specific metabolic characteristics of these molecules, even short 30-s intervals between single measurements may be insufficient to permit recognition of any variations. Furthermore, the collection technique used by the above mentioned authors is considerably influenced by the operator's manual skill, thus presenting reproducibility problems. therefore, we believe that in order to adequately evaluate the kinetics of plasma catecholamines during exercise, it is necessary to adopt greatest possible standardization of both time intervals and blood collection method. In our experiment, an automated continuous blood collection system, previously utilized in both humans [11] and animals [12] was adapted for horses by our research group [13] to evaluate the kinetics of plasma catecholamines in untrained standardbreds during a single session of submaximal treadmill exercise.
MateRIalS anD MethoDS

Animals
Four standardbred geldings age 4-7 years were used in this study. clinical examination confirmed that the subjects were in healthy condition and well-adapted to treadmill work. For a 2-month period prior to the test, subjects were kept in their box stalls except for a 1-h daily period in the paddock, to ensure that all subjects had a similar physical condition and level of training; all subjects received a maintenance diet during this period. each activity involving horses was regulated by the "Italian animal care" (DL.vo 116/92), Department reference number 87/3.0.7.
Experimental design
the automatic blood collection technique, specifically applied for this type of study and the preparation of the horses for the test are reported in bibliography [13] . the day after the insertion of the catheter, the horses underwent a standardized exercise test (Set) on a treadmill (mod. SatO II, SatO, Stockholm, Sweden) during which the blood collection procedure was carried out. all subjects had fasted since the day before the test. the test was carried out during a two-day period (testing two horses per day) under similar environmental conditions (average temperature 21 ± 3 °c and average humidity 75 ± 8%). Prior to the beginning of the test, in order to determine the basal values of adrenaline and noradrenaline a blood sample was drawn while the horses were still in their boxes, in conditions of absolute rest. the Set procedure was divided into four phases: 4.5 min at 1.8 m/s (warm-up), 2 min at 120 beats/min (1 st step), 2 min at 160 beats/min (2 nd step) and 2 min at 200 beats/min of heart rate which is equivalent to a work intensity of approximately 90% VO2max [14] . Heart rate was controlled by means of a heart rate monitor (Polar rS800, Polar electro Oy, Kempele, Finland). the Set was followed by an active recovery Phase (arP) consisting of 10 min walking on treadmill at 1.8 m/s. the entire exercise was conducted with a treadmill inclination of 3.5% and the heart rate was recorded for the duration of the test. the automatic fraction collector used in the automated blood collection system was programmed to obtain blood samples every 15 s. the automatic blood collection procedure lasted for a period of 19 min, from the beginning of the exercise until 9 min after the end of the Set; subsequent blood samples were drawn manually from the venous catheter at 10 (at the end of recovery phase on treadmill) and 20 min after the end of the Set (with the horses still in their boxes).
Blood sampling and treatment the standardized method consisted on blood collection by means of an automatic fraction collector using heparinized test tubes immersed in an ice bath, which kept the blood samples at a temperature below 10 °c, thus slowing the normally rapid degradation of catecholamines. the manually-obtained samples were refrigerated and treated in the same manner. test tubes were immediately centrifuged at 3000 g for 10 min at 10 °c in a refrigerated centrifuge located in a room next to the treadmill room. the plasma obtained was then quickly transferred to test tubes containing perchloric acid (0.2 N) for rapid deproteinization. time from collection to the deproteinization was 20 min. test tubes prepared in this way could then be frozen at -70 °c for two months before analysis [15] . extraction and determination of plasma catecholamines were performed using a commercial kit (Bioanswers s.a.s., torino, Italy) in an HPLc system (HPLc-Fl). the HPLc system included the pump (PU-158) and fluorimetric detector (FP 920) (Jasco europe s.r.l., cremalla, como, Italy) with excitation and emission wavelengths of 285 nm and 315 nm respectively. chromatography was performed by a column Lichrocart 250-4,6 Purospher Star rP 18 (Merck KGaa, Darmstadt, Germany) endcapped 5 μm at the temperature of 35 °c in isocratic conditions of mobile phase and flow of 1 ml/min. Sensitivity of the overall system was 0.3 nmol adrenaline/l and 0.2 nmol noradrenaline/l with a variation between duplicate analyses of less than 7% for adrenaline and 5% for noradrenaline.
Statistical analysis
Statistical analysis was carried out by means of one-way analysis of variance (aNOVa) on linear regression and Pearson's correlation coefficient. test were carried out with Primer of Biostatistics 5.0© by Stanton a. Glantz [16] .
ReSultS
Samples taken from the fasting subjects at rest in their stalls before the test yielded basal values of 0.7 ± 0.3 nmol/l and 1.2 ± 0.4 nmol/l respectively for adrenaline and noradrenaline. the highest concentrations were obtained for both adrenaline and no-radrenaline at the end of the Set with values of 15.0 ± 3.0 nmol/l for adrenaline and 15.8 ± 2.8 nmol/l for noradrenaline. these data show a 21-fold increase for adrenaline and a 13-fold increase for noradrenaline from the basal value (basal values represent 4.8% and 7.4% respectively of the highest values of adrenaline and noradrenaline). For the period covering the Set, mathematical analysis revealed an exponential accumulation curve for both noradrenaline and adrenaline (Figure 1) . Instead, during the active recovery phase (arP) the kinetics of the decrease in plasma concentration of catecholamines show a linear progression (Figure 2) . Furthermore, we wish to underline that 10 min after the end of the Set, plasma concentrations of adrenaline (2.4 ± 0.5 nmol/l) and noradrenaline (3.1 ± 1.8 pg/ml) were still high (3.4 times the basal value for adrenaline and 2.6 times the basal value for noradrenaline). Breaking the Set down into its four phases (warm-up, 1 st , 2 nd and 3 rd step) and performing an analysis of the correlation between adrenaline and noradrenaline (Figure 3) , we show that in each step the correlation is always linear but that the correlation coefficient decreases as the intensity of the exercise increases, with statistical difference (P < 0.05) between warm-up and the 3 rd step.
DISCuSSIon anD ConCluSIon the blood collection method used in this study allowed us to accurately analyze the kinetics of plasma catecholamines during a single submaximal exercise session on treadmill performed by untrained standardbreds both during the test itself and in the subsequent post-exercise recovery phase. the data show an increase in the plasma concentration of catecholamines during the Set up to the level of maximum intensity exercise. the noradrenaline values close to maximum concentration occurred in the initial part of the 3 rd step and are sustained, with slight variations, for the entire duration of the step until the maximum peak of concentration. On the other hand, values for adrenaline reached their peak only at the end of the 3 rd step. the highest average values for both adrenaline and noradrenaline in this experimental protocol appear to agree with the hypothesis that the adrenal medulla (the principal source for the release of adrenaline during physical stress [17] ) plays a more important role in horses than in humans in sustaining response to physical exercise. this hypothesis was previously proposed by other authors [3] . Mathematical analysis showed an exponential accumulation of plasma catecholamines during the Set depending on the intensity of the exercise, in agreement with results reported by Kurosawa et al. [5] . Both Snow and Kurosawa used trained thoroughbreds for their experiments, while in our study untrained standardbreds were used. a comparative analogy of the kinetics of the plasma catecholamines would appear to indicate that during fairly intense physical exercise there are no substantial differences in the activation process of the sympatho-adrenergic system between trained and untrained subjects. However, the situation appears to be different regarding the recovery phase after a period of high-intensity exercise. In our experiment we showed that the decrease in plasma concentrations of noradrenaline and adrenaline during the arP occurs in a linear way and not very rapidly. ten minutes after the end of the Set, noradrenaline and adrenaline values didn't return to basal levels, in apparent contrast to their very short plasma half-lives [3] . the hypothesis explaining these data could be related to the quantity of noradrenaline and adrenaline released after the end of the exercise, resulting from the moderate intensity exercise performed in the recovery phase, as reported by others authors [6] . It is interesting to note that the analysis of the standard deviation seen in the arP reveals that the influence of individual variability is considerable, and higher than in the Set. the great variability of the sympatho-adrenergic response in different individuals is an established fact, which has been verified in both humans [18] and horses [3, 4] and reflects individual variations in response to exercise-induced stress. In our tests the wide variability recorded in the arP, along with the previously mentioned hypothesis that a certain amount of sympatho-adrenergic activity persists in this phase (as reflected by the longer time required for the plasma concentrations of adrenaline and noradrenaline to decrease compared to trained subjects) may indicate that since our subjects were untrained, they were more sensitive to exercise-induced stress. For this reason we can hypothesize that the analysis of sympatho-adrenergic activity in the recovery phase may provide us with further information on exercise-induced stress. analyzing the correlation between noradrenaline and adrenaline during the Set along with the arP, we can see that it is of a linear type, in agreement with previous report [5] . If we divide the Set from the arP we can see that linearity is maintained in both phases, with a higher coefficient during the Set compared to the arP. Nevertheless, if we analyse the correlation between noradrenaline and adrenaline for each step we can underline that the correlation coefficient decreases between warm-up and the 3 rd step, although the correlation remains linear. essentially, we show that during low-intensity exercise the sympathetic nervous system and surrenal medulla involvement is proportional. as the intensity of the exercise increases, the lower correlation between adrenaline and noradrenaline suggests that in untrained horses the process for each molecule liberated into the blood circulation differs, perhaps due to a distinction between the action of the surrenal medulla and the involvement of the sympathetic nervous system at higher exercise intensity. 
